Background and Aims: Despite recognition that occupational exposures may make a substantive contribution to the aetiology of COPD, little is known about the potential role of work related factors in COPD related health outcomes. Methods: Prospective cohort study using structured telephone interviews among a random sample of adults aged 55-75 reporting a COPD condition (emphysema, chronic bronchitis, or COPD). Using multivariate models adjusting for smoking and demographic factors, the separate and combined associations were estimated between occupational exposure to vapours, gas, dust, or fumes (VGDF) and leaving work due to lung disease (respiratory related work disability) with health outcomes and utilisation ascertained at one year follow up. Results: Of 234 subjects, 128 (55%) reported exposure to VGDF on their longest held jobs, 58 (25%) reported respiratory related work disability, and 38 (16%) subjects reported both. Combined exposure to VGDF and respiratory related work disability (rather than either factor alone) was associated with the greatest risk at follow up of frequent (everyday) restricted activity days attributed to a breathing or lung condition (OR 3.8; 95% CI 1.4 to 10.1), emergency department (ED) visit (OR 3.9; 95% CI 1.4 to 10.5), and hospitalisation (OR 7.6; 95% CI 1.8 to 32). Conclusions: Among persons with COPD, past occupational exposures and work disability attributed to lung disease, particularly in combination, appear to be risk factors for adverse health related outcomes.
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T here is growing recognition that occupational exposures may make a substantive contribution to the aetiology of chronic bronchitis, emphysema, and airway obstruction, even after taking into account the known impact of cigarette smoking on such disease. 1 2 A recent report of the American Thoracic Society estimated that 15% of all cases within this group of clinical conditions, subsumed under the broader rubric of chronic obstructive pulmonary disease (COPD), can be attributed to occupational exposures. 3 Very little is known, however, about the potential role that occupational factors may play in affecting the outcomes of COPD once disease is established. By analogy to asthma, another obstructive lung disease with an important occupational component, there are ample data indicating that work related risk factors can be linked to certain adverse outcomes. For example, work disability is a common problem in adult asthma generally, 4 but is far more prominent among persons whose disease onset is related to occupational exposures. 5 There are also data suggesting that those with occupationally related asthma may manifest increased disease severity and healthcare utilisation. 6 We studied the potential impact of occupational factors on health outcomes in a prospective cohort of adults with COPD. In a previous cross-sectional analysis of this cohort, we found that occupational exposures in the longest held job accounted for 9-20% of COPD prevalence. 7 In the current prospective study, based on one year follow up in that cohort, we analyse the potential role of work related factors as risk factors for respiratory symptoms, restricted activity, disease specific quality of life, and healthcare utilisation.
METHODS

Overview
In a prospective cohort study, we carried out baseline and one year follow up structured telephone interviews among 234 adults aged 55-75 years who reported a physician's diagnosis of emphysema, chronic bronchitis, or COPD (the study definition of COPD conditions) in the initial interview. Subjects were recruited by random digit dialling within the contiguous 48 US states, with over-sampling in geographic areas with higher COPD mortality. We used these data to estimate the impact of occupational factors on respiratory symptoms, restricted activity, general health status, disease specific quality of life, and healthcare utilisation. The UCSF Committee on Human Research approved the study.
Subject recruitment
The methods of the baseline study have been published previously. 7 In the initial recruitment, which took place in 2001, 383 adults with COPD were interviewed as part of a larger cohort of 2114 US adults identified by random digit telephone dialling. The sampling frames included both a US nationwide sample (contiguous 48 states) and a sample drawn from geographic ''hot spot'' regions with increased COPD mortality. 8 As part of the ''hot spot'' sampling, additional subjects were recruited for whom participation eligibility was limited to the presence of lung disease, thus enriching the overall sample further for cases of COPD. For all participants, the age at recruitment was limited to 55-75 years. The participation rate at baseline was 53% among households meeting an initial brief eligibility screening.
Follow up recruitment and analysis
Approximately 12 months after initial interview, we attempted to re-contact a subset of baseline interviewees. Figure 1 shows the follow up subject flow. The potential follow up group included all subjects who reported either COPD or asthma at baseline (n = 517). Of these, 61 stated at the completion of their baseline study interview that they did not wish to be contacted again. The remaining subjects were sent letters informing them that they would be re-contacted by the study team. This included mail-back postcards providing an opportunity to forgo participation. There were 34 persons who declined by this route and an additional 18 who declined at the time of the actual follow up telephone contact. Of the 404 remaining in the potential subject pool, 44 could not be located and eight deaths were reported. In all, 352 subjects were re-interviewed, which corresponds to 69% of those presumed alive at follow up overall.
We limited the main analyses presented here to 267 subjects with COPD (69% of 386 interviewed at baseline), excluding 85 subjects who reported asthma, but not chronic bronchitis, emphysema, or COPD. Table 1 compares the characteristics of re-interviewed subjects with COPD compared to those with COPD who were not re-interviewed. There were no statistical differences by follow up status. Including those with asthma in the analysis by follow up status similarly did not reveal substantive selection effects (data not shown). Because we were specifically interested in work disability factors, we further limited analysis to those with a history of labour force participation (25 subjects had never held any salaried employment). There were 12 additional subjects excluded because of key missing variables, leaving a final study group of 234 subjects.
Study interviews
The baseline and follow up subject interviews were similar. Interviews were conducted by telephone by trained interviewers (Field Research Corporation, San Francisco, California). Structured survey items were administered using computer assisted telephoning interviewing (CATI) software. The baseline and follow up surveys addressed respiratory symptoms and medications; co-morbid conditions and general health status; healthcare utilisation; smoking status; and demographic and socioeconomic factors.
We used the baseline survey to establish the respiratory status of the respondent, based on self report of a physician diagnosis of chronic bronchitis, emphysema, COPD, or asthma. The baseline survey also included an extensive battery eliciting employment information, including current or most recent job as well as the longest held job. Open ended items covering occupation and industry of employment were later classified according to US 2000 Census codes. 9 We ascertained occupational exposure to vapours, gas, dust, or fumes on the longest held job using a questionnaire item developed for the European Community Respiratory Health Survey, 10 and by means of a job exposure matrix which categorised jobs into high, intermediate, or low risk of dust exposure. 11 Those not working at the time of the baseline interview were also asked if this was due, at least in part, to a ''lung or breathing condition'', which we used to define ''respiratory related work disability''. The follow up survey omitted repetitious items on past employment and demographic characteristics. We added a new battery assessing quality of life (see below), along with other items related to functional status and health.
Definition of COPD
We used a standard epidemiological definition of COPD based on report of a physician's diagnosis of chronic bronchitis, emphysema, or, specifically, ''COPD''. 12 The COPD classification allowed inclusion of respondents who also reported concomitant asthma, but subjects with asthma alone were excluded from this analysis as noted above. We also developed an alternative, narrower definition of COPD for sensitivity analyses that included only subjects reporting emphysema or COPD, excluding those with chronic bronchitis alone.
Health outcomes: symptoms and activity limitations Respondents were asked to quantify their respiratory symptoms over the 14 days preceding the interview in two ways. First, shortness of breath on exertion was graded as none, walking at a rapid pace, walking at the standard pace of others, or when walking even at one's own pace. Second, the frequency that breathing was bothered (days or nights) was quantified as no days, some or most days, or everyday. In addition to these measures, we also developed a measure of decline in respiratory status as an increase in reported level of shortness of breath or bothered breathing at follow up compared to baseline. We ascertained daily activity restriction using a questionnaire item adapted from the National Health Interview Survey. 13 Specifically, this item asked respondents to indicate how many days their activity was limited due to a respiratory condition during the past month. Based on the frequency distribution of reported limitation, we categorised responses as no restricted days at all, some or most days (1-29 days), or every day (30-31 days).
Health outcomes: general health status and COPD specific QOL We assessed physical and mental health status using the SF-12 physical component summary (PCS) and mental component summary (MCS) scores. The SF-12 is derived from the Medical Outcomes Study SF-36 instrument and is a widely used measure of generic health status. 14 15 The PCS and MCS scores reflect the overall dimensions of physical and mental health status, respectively. Neither is condition specific, but both have been used to assess health status in populations with chronic lung disease. 16 17 Higher SF-12 PCS and MCS scores reflect more favourable health states. We used an established algorithm to impute any single missing values within the battery. 18 19 In order to measure disease specific quality of life (QOL), we used a validated 20 item instrument, the Airways Questionnaire 20 (AQ20) that has been developed from the longer St George's Respiratory Questionnaire. 20 21 The AQ20 is designed to evaluate functional and psychological aspects of QOL among persons with COPD or asthma, and has been shown to correlate with other respiratory disease specific instruments measuring domains such as activity limitations, dyspnoea, emotional status, and mastery of disease.
We modified this 20 item instrument to allow response categories for six of the items to take into account the possibility that certain key physical activities queried might not be done specifically because of respiratory limitations (for example, gardening). 22 For those items, disability was counted as a response contributing to a poorer (higher numeric) QOL score.
Data analysis
We compared the characteristics of respondents by follow up status using the x 2 test for trend (education and income), the x 2 test (all other categorical variables), or Student's t test (continuous variables).
We hypothesised that occupational factors could lead to adverse health outcomes in COPD through several pathways. Occupational exposure to VGDF was a key risk factor of study interest. We wished to ascertain whether COPD outcomes were worse among the subset of persons with past VGDF exposure, given its association with COPD prevalence in our previous cross-sectional study. 7 We also wished to test whether an alternative measure of adverse working conditions, based on a job exposure matrix linked to longest held occupation would similarly predict COPD outcomes.
In addition to relations between job exposures and health outcomes, we hypothesised that respiratory related work disability reported at baseline would be associated with increased risk of adverse outcomes at follow up. We posited that persons impaired from COPD while still of working age are likely to have disease of greater severity, with earlier onset and more rapid progression, compared to others with the condition. We recognised, however, that VGDF (or high risk occupations based on a job exposure matrix) might in itself be a risk factor for respiratory related work disability, a relation that has been observed previously. 4 Thus our analysis needed to take into account that exposure to VGDF could serve as a risk factor for adverse outcomes through two pathways: by virtue of being linked to respiratory related work disability or by leading to adverse outcomes independent of antecedent work disability. The analysis also needed to assess the association of respiratory related work disability independent of occupational VGDF exposure.
We tested the hypothesised relation at baseline between VGDF as the independent variable and respiratory related work disability as the dependent variable using multiple logistic regression, adjusted for smoking and demographic VGDF, vapours, gas, dusts, or fume reported at baseline on longest held employment. *Includes subjects with a history of labour force participation and values for all key study variables (n = 234 for re-interviewed cohort; n = 108 of those not reinterviewed). Total for income (n = 331) and education (n = 383) reflects missing responses to these items.
variables. As a sensitivity analysis we re-estimated the same model, substituting exposure based on the job exposure matrix for reported VGDF exposure.
In the next analyses, we used multiple linear regression analysis to study three outcomes ascertained at follow up. These were: SF-12 PCS, SF-12 MCS, and QOL score. The independent predictors in these models, consistent with our hypothesised model and the findings in the logistic regression analysis described above, were: past exposure to VGDF without reported respiratory related work disability; past exposure to VGDF combined with respiratory related work disability, and respiratory related work disability alone.
This analytical framework allowed us to test a model in which VGDF might act on health outcomes independently of respiratory related work disability, respiratory related work disability might act independently of VGDF, or both might act together. These models also included smoking status, age, gender, and race. We did not include in these models measures of socioeconomic status, such as household income or education, because of the correlations among occupational status and such variables.
As an additional analysis to further delineate the interrelationships among work exposure, respiratory related work disability and key outcomes, we retested the association between exposure to VGDF and SF-12 PCS and QOL stratified by the presence or absence of respiratory related work disability. Because of relatively small numbers in the stratified analysis, we did not include other covariates in these models.
We used logistic regression analysis in a similar approach to estimate the relations among the same independent variables and three other categorical outcomes ascertained at follow up interview. These were: restricted activity breathing (defined as restricted activity specifically attributed to a lung or breathing problem every day compared to some or no days in the past month), and one or more emergency department (ED) visit or one or more hospitalisations for a respiratory condition in the past year. For these analyses we tested two hierarchical models. The first model tested either VGDF or respiratory related work disability separately, without the other predictor variable in the model (although including other covariates). The second level model included both VGDF and respiratory related work disability in the same model.
We used a similar approach to estimate the risk for decline in respiratory status (increasing dyspnoea since baseline; excluding subjects with maximal dyspnoea at baseline, n = 75) and risk of incident ED visit or hospitalisation (excluding subjects reporting such utilisation in the baseline year, n = 48). Because this was a key test of the interrelationships of occupational exposure and work disability, we repeated this analysis substituting self reported VGDF exposure with exposure based on the job exposure matrix.
In order to evaluate the sensitivity of our findings to our epidemiological definition of COPD, we repeated several of the key analyses excluding subjects who reported chronic bronchitis alone without either concomitant emphysema or COPD (n = 112). All statistical analyses used SAS (Cary, NC).
RESULTS
Among the 234 subjects analysed, 128 (55%) reported exposure to vapours, gas, dust, or fumes (VGDF) on their longest held jobs in their baseline interviews. There were 89 (38%) with either intermediate or high exposure risk occupations based on a job exposure matrix classification. Fifty eight (25%) reported that they had left work altogether due to their lung disease (respiratory related work disability). Of these, 38 (16%) reported both work exposure to VGDF and respiratory related work disability. Table 2 presents the frequencies for various measures of health status and healthcare utilisation ascertained at follow up among the 234 subjects analysed. Overall, the group reported a range of morbidity. ''Bothered breathing'' was reported every day or night (whichever was more frequent) by one in four subjects, with a similar frequency of dyspnoea with minimal exertion. Altogether, 30% of subjects reported at least some restricted activity attributed to breathing (restricted activity breathing). The mean SF-12 PCS score of 36 (12)% represents a substantive decrement relative to a value of 45, the approximate age related population norm. 14 The reported one year frequency of healthcare utilisation for lung disease was 15% for ED visit and 10% for hospitalisation.
Exposure to VGDF was associated with respiratory related work disability (OR 1.9; 95% CI 1.0 to 3.6), taking into account smoking status, age, gender, and race. Among covariates, the strongest association with respiratory related work disability was for former smoking (OR 4.2; 95% CI 1.3 to 13.1). Current smoking was also associated with respiratory related work disability (OR 2.8; 95% CI 0.8 to 9.2).
Reanalysing the same model substituting for VGDF an exposure classification based on a job matrix showed that intermediate or high risk occupations combined (relative to low risk jobs) were associated with an increased point estimate of the risk of disability (OR 1.6; 95% CI 0.8 to 3.0), although this did not exclude the no-effect level.
Both prior work exposure to VGDF and respiratory related work disability were associated with significantly lower SF-12 PCS values and significantly poorer QOL, adjusting for smoking status and demographics (table 3) . This effect was shown by both risk factors individually as well as concurrently. There was a gradient of effect in relation to both SF-12 PCS and QOL scores. In contrast, neither VGDF nor respiratory related work disability were predictors of SF-12 MCS score.
Among those without respiratory related work disability (n = 176), exposure to VGDF was related to both SF-12 PCS (b = 23.9 (1.8); p = 0.03) and QOL (b = 1.8 (0.7); p = 0.01). In contrast, among those who had experienced respiratory related work disability (n = 58) VGDF was not associated with incrementally worse health status measured by the Table 4 shows the associations of VGDF exposure and respiratory related work disability with restricted activity days and healthcare utilisation. In the single effects models, VGDF exposure was not associated with risk of frequent (everyday) restricted activity days breathing (OR 1.2; 95% CI 0.6 to 2.7), emergency department (ED) visits (OR 1.6; 95% CI 0.7 to 3.5), or hospitalisations (OR 1.8; 95% CI 0.7 to 4.7). The effect of VGDF exposure in the absence of respiratory related work disability (that is, from the combined models) was essentially the same as in the single effects models.
By contrast, respiratory related work disability was associated with an increased risk of restricted activity days (OR 3.6; 95% CI 1.7 to 7.9), ED visits (OR 3.0; 95% CI 1.4 to 6.6), and hospitalisations (OR 4.5; 95% CI 1.7 to 11.8), when VGDF exposure was not included in the model. In the combined models, the association of work disability with restricted activity and hospitalisation increased slightly, but the association with ED visits decreased sharply (OR 1.2; 95% CI 0.3 to 5.0).
Simultaneous exposure to VGDF and respiratory related work disability was associated with a greater risk of restricted activity days (OR 3.8; 95% CI 1.4 to 10.1), ED visits (OR 3.9; 95% CI 1.4 to 10.5), and hospitalisation (OR 7.6; 95% CI 1.8 to 32.1). Cigarette smoking status was not a statistically significant, independent predictor of any of these three outcomes after taking into account the occupational factors above (data not shown). Table 5 shows an analysis limited to 159 subjects without the highest category of respiratory symptoms at baseline (dyspnoea on exertion at own pace or troubled breathing every day; see table 2). Combined VGDF and respiratory related work disability was related to decline in respiratory status over follow up (OR 4.5; 95% CI 1.3 to 16.0). Among 186 subjects who had reported neither respiratory related ED visit nor hospitalisation at baseline (table 5), incident healthcare utilisation was related to combined VGDF and respiratory related work disability (OR 6.9; 95% CI 2.0 to 24.0). Neither VGDF nor respiratory related work disability alone was a statistically significant predictor of either declining respiratory status or incident healthcare utilisation in these models.
Substituting occupational risk based on the job exposure matrix rather than assessed by self report of VGDF exposure did not substantively impact this pattern of results. For decline in respiratory status, combined intermediate to high risk occupations by job exposure matrix and respiratory work disability were associated with an OR of 4.5 (p = 0.03); for incident ED visit or hospital admission the same combined risks were associated with an OR of 3.9 (p = 0.02). The risk factors alone were not associated with statistically significant ORs.
In multiple linear regression analysis excluding chronic bronchitis (remaining n = 122), combined VGDF and respiratory related work disability were related to lower SF-12 PCS (b = 28.7 (SE 2.6); p , 0.001) and poorer QOL (b = 5.9 (SE 1.2); p , 0.001). Respiratory related work disability alone was also predictive of both SF-12 PCS (b = 210.8 (SE 3.3); p = 0.002) and poorer QOL (b = 5.3 (SE 1.4); p , 0.001), while VGDF exposure was not a statistically significant predictor of either outcome in the same models.
In multiple logistic regression analysis excluding chronic bronchitis (remaining n = 91), incident ED visit or hospitalisation remained associated with combined VGDF exposure and respiratory related work disability (OR = 3.3; 95% CI 0.8 1 for variable definitions and table 3 for definition and frequencies of risk factors). In combined model, odds ratios are presented for the effect of one risk factor in the absence of the other. *The simultaneous presence of both risk factors.
to 13.2), although the widened confidence interval did not exclude no effect. Neither isolated VGDF (OR 0.3; 95% CI 0.1 to 1.6) nor respiratory related work disability (OR 0.9; 95% CI 0.1 to 5.9) were associated with incident ED visit or hospitalisation.
DISCUSSION
Morbidity among persons with COPD is considerable and is likely to be multifactorial in nature. 23 24 Underlying disease severity is presumed to be a major determinant of health outcomes in COPD. To the extent that cigarette smoking is the most important factor affecting severity, some of the variability in morbidity may be explained by this factor. It is clear from studies of asthma as well as other chronic health conditions; however, that disease severity is not the sole explanatory factor for the variability that may be observed in such health outcomes as subjective symptoms, reported activity limitations, or healthcare utilisation.
The findings of this study point to occupational factors as one set of characteristics that may be driving outcomes in COPD. We found that these factors were associated with poorer general health status, worse respiratory specific QOL, and substantially increased risk of restricted activity, emergency department visits, and hospitalisation for lung disease.
The potential pathways by which occupational factors could be associated with poorer health outcomes are likely to be complex. Material of occupational origin retained in the lung, particularly dusts, may exert ongoing effects in the context of progressive disease. Metal fumes such as cadmium or vanadium have been implicated in emphysema and chronic bronchitis, while organic dusts have been linked to chronic airflow obstruction, but it is unclear whether the rate of disease progression in such cases differs from disease attributable to smoking. 3 We found that exposure to VGDF was associated with respiratory related work disability. In turn, we also found that respiratory related work disability was a powerful predictor of the adverse COPD health outcomes of study interest. For several of these outcomes, either VGDF or respiratory related work disability were independently associated with these outcomes even after taking into account the presence of both risk factors combined. These associations support a hypothetical model in which exposure to VGDF may lead to respiratory related work disability (itself a marker for risk of adverse outcomes), VGDF exposure may be a risk factor for adverse outcomes independently of work disability, and work disability may carry risk without the presence of VGDF exposure.
Respiratory related work disability may be a particularly potent marker of risk, since it reflects disease onset and progression at an early enough age to affect labour force participation. For several of the outcomes we examined there was little to no step up in effect when VGDF exposure was also present along with respiratory related work disability. Nonetheless, the combined presence of respiratory related work disability and exposure to VGDF showed the strongest and most consistent association with the outcomes we studied in this analysis.
Although our study was prospective, effects of selection, potential recall bias, and misclassification may still be operative. Because we restricted the analysis to persons with past labour force participation and used longest job held, not simply current or last employment, ''healthy worker'' effects should not be prominent in this cohort. Reporting of exposure to VGDF may be driven in part by recall effects. We have previously shown that such reported exposure corresponds fairly well to exposure assessment made by matching reported occupation and industry to an imputed likelihood of exposure. 4 7 We retested key models using this job exposure matrix which yielded a similar pattern of estimated effects. Although we used a standard epidemiological definition of COPD based on reported physician diagnosis of conditions, some misclassification is possible. 12 25 We did not have access to medical records for validation of diagnoses and we did not perform pulmonary function testing in the cohort. However, excluding subjects with chronic bronchitis alone did not substantively alter the main analytical findings.
We found that occupational co-factors among persons with COPD are linked to poorer health status and increased healthcare utilisation. It will be important to document whether these trends in morbidity continue over time with disease progression and whether the same risk factors predict mortality. A recent study estimated that more than 14 000 deaths due to occupationally related COPD occur each year in the USA, assuming that disease severity is equivalent between occupational and non-occupational cases. 26 Should work related COPD be shown to be more severe, this mortality estimate may prove to be too low. 
